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TRANSLATING LOADS FOR 
ACCELERATING VIRTUALIZED PARTITION 

RELATED APPLICATION 

This application claims the bene?t of Us. Provisional 
Application No. 60/574,040 ?led May 24, 2004 entitled 
“Translating Loads for Accelerating VirtualiZed Partition” 
and naming Quinn A. Jacobson and Shailender Chaudhry as 
inventors, Which is incorporated herein by reference in its 
entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to memory man 
agement in computer systems, and more particularly to 
accelerating address translations folloWing a translation 
lookaside bulfer miss. 

2. Description of Related Art 
Virtual memory and the addresses used to locate infor 

mation in the virtual memory is an old concept. Historically, 
virtual addresses Were used to provide a large memory space 
to applications by a processor. The processor converted the 
virtual addresses to a physical address. To reduce the over 
head in mapping a virtual address to a physical address, a 
translation lookaside buffer 100 (FIG. 1) Was used. 

Translation lookaside buffer 100 Was a cache for holding 
recently used mappings from virtual addresses to physical 
addresses. Typically, a virtual address had tWo parts an offset 
and a virtual page identi?er. The offset Was the same for both 
the virtual address and the physical address. 

Thus, the virtual address in FIG. 1 that Was presented to 
translation lookaside buffer (TLB) 100 Was the virtual page 
identi?er. Translation lookaside buffer 100 checked to see if 
the virtual page identi?er Was stored in the cache and if it 
Was, TLB 100 returned the physical address, Which Was the 
base address of the page in physical memory. HoWever, if 
TLB 100 did not contain the virtual page identi?er, a more 
detailed mapping Was required using stored memory map 
ping tables and the TLB Was updated as appropriate. 

This approach Was suf?cient for a single operating system 
handling multiple applications, e.g., contexts. HoWever, in 
main frames a further abstraction Was introduced, e.g., 
virtual hardWare. 

As illustrated in FIG. 2, a plurality of operating systems 
210_1, 210_2, e.g., different instances of the same operating 
system, or alternatively different operations systems, used a 
hardWare processor 250. Each operating system supported a 
plurality of applications, e.g., operating system 210_1 sup 
ported applications 201_1, 201_2 and operating system 
210_2 supported applications 202_1, 202_2. 

In system 200, the hardWare is logically partitioned. 
Logical partitioning alloWs multiple copies of a single 
operating system (OS) or multiple heterogeneous operating 
systems to simultaneously run on a single data processing 
system platform. A logical partition, Within Which an oper 
ating system image runs, is assigned a non-overlapping 
sub-set of the platform’s resources. These platform allocable 
resources include one or more architecturally distinct pro 
cessors With their interrupt management area, regions of 
system memory, and I/O adapter bus slots. 

Hypervisor 210, typically implemented as ?rmWare, per 
formed a number of functions and services for operating 
systems 210_1, 210_2 to create and enforce the logical 
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2 
partitions. Hypervisor 210 oWned all system resources and 
provided an abstraction layer through Which device access 
and control Was arbitrated. 

Hypervisor 210 and ?rmWare handled the mapping of 
memory, CPUs and adapters for each logical partition. 
Applications Were generally unaWare of Where the parti 
tion’s memory Was located, Which CPUs had been assigned, 
or Which adapters Were in use. 

Each application had it oWns virtual address space. The 
operating system associated With a particular application 
converted a virtual address to a real address. As far as the 
operating system Was concerned the real address started at 
Zero and Went to a predetermined maximum value. Hyper 
visor 220 managed the physical memory addresses. 

FIG. 3 is a conceptual illustration of a tWo-part translation 
lookaside buffer 300 that could be used in the translation 
from a virtual address to a physical address. A ?rst table 310 
includes mappings from virtual addresses to real addresses 
and a second table 320 includes mappings from real 
addresses to physical addresses. 

HoWever, TLB 300 required serialization and so typically, 
the logic equivalent of tables 310, 320 Was implemented. In 
TLB 400, a ?rst portion 401 Was a ?eld With a value that 
identi?ed Whether the address Was a virtual address or a real 

address, a second portion 402 included either the virtual 
address or the read address, and a third portion 403 con 
tained the mapping to the corresponding physical address. 
Thus, With TLB 400, it Was possible to go directly from a 
virtual address to the corresponding physical address, or 
alternatively from a real address to the corresponding physi 
cal address. 
An area of emphasis has been on hoW to minimiZe the 

penalty When there is a miss in TLB 400 for a virtual 
address. TWo translations are required; one from the virtual 
to the real address; and one from the real address to the 
physical address. The second translation is the one that has 
received most of the attention. 

Either the operating system, or the hypervisor using the 
operating system state can perform the virtual-to-real 
address translation. Typically, to do the translation from the 
real address to physical address translation base and bounds 
table, a coarse grain translation has been used. 

SUMMARY OF THE INVENTION 

In one embodiment of the present invention, a method 
generates a virtual-to-real-to-physical address translation 
more rapidly than the prior art methods. In particular, the 
real-to-physical address portion of the translation is accel 
erated using a translating load operation, Which in turn 
accelerates virtualiZed partitions. 

In one example, hardWare determines Whether a transla 
tion lookaside buffer miss occurred for a virtual address. If 
a miss occurred, a translating load instruction is executed. 
Successful execution of the translating load instruction 
generates a neW data portion for a virtual-to-physical 
address translation table entry. 
The execution of the translating load instruction searches 

a table of translation lookaside buffer entries for a real-to 
physical address translation table entry including a real 
address associated With the virtual address. If such a real 
to-physical address translation table entry is found, the 
execution of the translating load then determines Whether 
permissions and siZe information in the real-to-physical 
address translation table entry are compatible With, e.g., are 
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equal to, or a superset of, permissions and size information 
associated With the real address. If the permissions and siZe 
information in the real-to-physical address translation table 
entry are equal to, or a superset of, permissions and siZe 
information associated With the real address, the execution 
of the translating load instruction creates the neW data 
portion for the virtual-to-physical address translation table 
entry. 

In one embodiment, the table of translation table entries 
is a hardWare translation lookaside buffer. In another 
embodiment, the table of translation table entries is a trans 
lating load table. 

In one embodiment, a processor includes a hardWare table 
of translation table entries including real-to-physical trans 
lation table entries and a translating load instruction stored 
in a memory Wherein execution of the translating load 
instruction generates a method as described above. A system 
includes this processor and a memory coupled to the pro 
cessor. In one embodiment, the system is a stand-alone 
computer system, and in another embodiment, the system is 
a client-server system. 

In still another embodiment, a structure includes: 
means for determining Whether a translation lookaside 

bulfer miss occurred for a virtual address; 

means for executing a translating load instruction, fol 
loWing the determining ?nding the translation looka 
side bulfer miss occurred, to generate a neW data 
portion for a virtual-to-physical address translation 
table entry; 

means for searching a table of translation lookaside bulfer 
entries for a real-to-physical address translation table 
entry including a real address associated With the 
virtual address; 

means for determining, folloWing the means for searching 
?nding the real-to-physical address translation table 
entry, Whether permissions and siZe information in the 
real-to-physical address translation table entry are com 
patible With permissions and siZe information associ 
ated With the real address; and 

means for creating the neW data portion for the virtual 
to-physical address translation table entry folloWing the 
means for determining ?nding that the permissions and 
siZe information in the real-to-physical translation table 
entry are compatible With the permissions and siZe 
information associated With the real address. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a prior art translation 
lookaside buffer used for mapping a virtual address to a 
physical address. 

FIG. 2 is a block diagram of a prior art computing 
platform that utiliZed logical partitions and so had virtual 
addresses, real addresses, and physical addresses. 

FIG. 3 is a block diagram of a prior art translation 
lookaside buffer used for mapping a virtual address to a real 
address and the real address to a physical address. 

FIG. 4 is a block diagram of a prior art translation 
lookaside buffer used for mapping a virtual address to a 
physical address and for mapping a real address to a physical 
address. 

FIG. 5 is a block diagram of a computing platform that 
includes a translating load instruction, and means for execut 
ing the translating load instruction, according to one 
embodiment of the present invention. 
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4 
FIG. 6 is a process How diagram for a method of gener 

ating a virtual-to-physical address translation table entry for 
the computing platform of FIG. 5, according to one embodi 
ment of the invention. 

FIG. 7A is an illustration of a memory structure that is a 
virtual-to-real address translation table entry used in one 
embodiment of the present invention. 

FIG. 7B is an illustration of a memory structure that is a 
data portion of the virtual-to-real address translation table 
entry of FIG. 7A and is passed as an argument in the 
translating load instruction in one embodiment of the present 
invention. 

FIG. 8 is a diagram of translation table entries in a 
translation lookaside buffer in one embodiment of the 
present invention. 

FIG. 9 is a more detailed diagram of the translations table 
entries of FIG. 8, according to one embodiment of the 
present invention. 

FIG. 10 is a more detailed illustration of a memory 
structure that is a virtual-to-real address translation table 
entry used in one embodiment of the present invention. 

FIG. 11 is a more detailed illustration of a memory 
structure that is translation table entry used in a translation 
lookaside buffer and in a translating load table according to 
one embodiment of the present invention. 

FIG. 12 is a block diagram of a computing platform that 
includes a translating load instruction, and means for execut 
ing the translating load instruction and a translating load 
table used in the execution, according to one embodiment of 
the present invention. 

FIG. 13 is a diagram of a system and of systems that 
utiliZe the processor With the translating load instruction 
according to various embodiments of the present invention. 

In the draWings and the detailed description, elements 
With the same reference numeral are the same or equivalent 
elements. Also, for three digit reference numerals, the ?rst 
digit of the reference numeral is the ?gure number in Which 
the corresponding element ?rst appears. For four digit 
reference numerals, the ?rst tWo digits of the reference 
numeral are the ?gure number in Which the corresponding 
element ?rst appears. 

DETAILED DESCRIPTION 

In one embodiment of the present invention, a system 
500, Which includes a processor 550 that includes a plurality 
of cores 560_1 to 560_n, generates an address translation 
more ef?ciently than prior art processors When there is a 
miss in a translation lookaside bulfer (TLB) 575. Hypervisor 
520 utiliZes a translating load instruction that upon execu 
tion on processor 550 generates a data portion of a TLB 
entry. Execution of the translating load instruction utiliZes 
information from a real-to-physical address translation table 
entry and information provided in the call to the translating 
load instruction to synthesiZe the data portion of a neW 
virtual-to-physical translation table entry. 

In this embodiment, system 500 is partitioned into virtual 
processors. A processor assignment, e.g., one of the plurality 
of cores 560_1 to 560_n, With respect to an execution 
environment for a computing application de?nes the virtual 
processor for that computing application. 

In this embodiment, system 500 includes a plurality of 
applications 501_1 to 501_j, 502_1 to 502_k, and 503_1 to 
503_m, a plurality of operating systems 510_1, 510_2 to 
510_p, a hypervisor 520, and a processor 550 that in turn 
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includes a plurality of cores 560_1 to 560_n. A memory 
management unit 570 of processor 550 includes a translation 
lookaside buffer 575. 

All virtual processors in processor 550 share translation 
lookaside buffer 575. To assist in de?ning the execution 
environment partition identi?ers and context identi?ers are 
used in one embodiment. Partition identi?ers and context 
identi?ers are coordinated across hypervisor code and all 
supervisor code respectively across all virtual processors 
Within processor 550. 

Translation lookaside buffer 575 provides virtual-to 
physical address translations and real-to-physical address 
translations. All the virtual processors for virtual-to-physical 
address translations and for real-to-physical address trans 
lations use hardWare-based translation lookaside buffer 575. 

In one embodiment, When a virtual address translation is 
needed, hardWare in processor 550 searches TLB 575 for an 
appropriate translation table entry. If such an entry is not 
found, a TLB miss occurs. 
Upon a TLB miss, processing transfers from TLB miss 

check operation 695 (FIG. 6) to a get virtual address to real 
address translation table entry operation 601. In one embodi 
ment, MMU 570 also includes a Translation Storage Buffer 
(TSB), Which is a translation table in memory. The TSB 
contains one-level mapping information for virtual 
addresses to real addresses. HardWare in processor 550 looks 
up the TSB When a translation cannot be found in TLB 575. 
A TSB entry is called a Translation Table Entry, or TTE. 

Use of a TSB is illustrative only and is not intended to 
limit the invention to this speci?c embodiment. Either an 
operating system, or hypervisor 520 using the state of the 
operating system can generate a virtual to real address 
translation using for example a page table. 

FIG. 7A illustrates one embodiment of a TTE 700 for a 
virtual-to-real address translation. TTE 700 has tWo por 
tions: a tag portion 710 and data portion 720. Data portion 
720 includes a real address ?eld 725 that contains a real 
address that is associated With the virtual address in tag 
portion 710, and permissions and siZe ?eld 726 that contains 
permissions and siZe information associated With the real 
address. 
Upon completion of operation 601, a TTE 700 is obtained 

for the virtual address for Which there Was a TLB miss. 
Hypervisor 520 initiates execution of a translating load 
instruction 551 that is stored in a memory 555, e.g., in 
?rmWare. Data portion 720 (FIG. 7B) of TTE 700 is passed 
in the call to translating load instruction 551. 

Execution of translating load instruction 551 results in 
performance of method 600. Speci?cally, a search table for 
real address in translation table entry (TTE) data portion 
operation 602 is provided With data portion 720 (FIG. 7B) 
that includes a real address, in real address ?eld 725, Which 
is associated With, e.g., corresponds to, the virtual address 
for Which the TLB miss occurred. With this real address, 
operation 602 searches, for example, TLB 575A (FIG. 8) for 
a real-to-physical address translation table entry With a 
translation from the real address in data portion 720 to a 
physical address. 

In this example, TLB 575A includes a plurality of trans 
lation table entries 801 to 803. FIG. 9 is a more detailed 
illustration of one embodiment of a translation table entry 
900 that is representative of each of the plurality of trans 
lation table entries 801 to 803. 

Translation table entry 900 includes a tag portion 910 and 
a data portion 920. In this example, tag portion 910, some 
times called tag 910, includes a real ?eld 928 and an address 
?eld 925. A value in real ?eld 928 indicates Whether 
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6 
translation table entry 900 is for a real-to-physical address 
translation, or alternatively for a virtual-to-physical address 
translation and consequently identi?es the type of address in 
address ?eld 925. Data portion 920 includes a physical 
address ?eld 927 that includes a physical address associated 
With the address in ?eld 925, and a permissions and siZe ?eld 
926 that contains information associated With the physical 
address in ?eld 927. Upon completion, operation 602 trans 
fers processing to real-to-physical address translation table 
entry found check operation 603 (FIG. 6). 

If a real-to-physical address translation table entry Was 
not found for real address 725, check operation 603 transfers 
processing to error operation 604. Error operation 604 
returns a prede?ned value, e.g., Zero, Which indicates that 
method 600 Was not successful for the virtual address that 
resulted in the TLB miss. 

If a real-to-physical address translation table entry Was 
found for real address 725, e.g., entry 802 (FIG. 8), check 
operation 603 transfers processing to physical address in 
TTE appropriate check operation 605. Check operation 605 
compares the permissions and siZe information in ?eld 726 
of data portion 720 of virtual-to-physical address TTE 700 
With the permissions and siZe information in ?eld 820 of 
real-to-physical address TTE 802. 

If the permissions and siZe information in ?eld 826 are 
equal to, or a superset of, the permissions and siZe infor 
mation of ?eld 726, check operation 605 transfers process 
ing to create data portion of translation table entry operation 
607, and otherWise to error operation 606. 

If processing transferred to error operation, the informa 
tion characterizing the memory associated With the physical 
address indicated that the memory Was not appropriate for 
use With the virtual address. Accordingly, error operation 
604 returns a value, e.g., Zero, Which indicates that method 
600 Was not successful for the virtual address that resulted 
in the TLB miss. 

In create data portion of TTE operation 607, a translation 
table entry data portion for a real-to-physical address trans 
lation table entry is generated. In one embodiment, permis 
sions and siZe information in ?eld 726 is used With the 
physical address in TTE 802 to form a neW data portion of 
a virtual-to-physical address TTE. This neW data portion is 
stored and the translating load instruction completes. 
The tag for the neW virtual-to-physical address TTE is 

knoWn and is the information associated With the original 
virtual address for Which the TLB miss occurred. The knoWn 
tag for the neW virtual-to-physical address TTE along With 
the neW data portion from operation 607 are Written to TLB 
575A in put TTE in TLB operation 608 to form a virtual 
to-physical address translation table entry. 
The above embodiments may be used With any processor 

having a TLB, and the capability to implement the opera 
tions described. The use of a translating load instruction to 
initiate method 600 is illustrative only and is not intended to 
limit the invention to initiating method 600 via execution of 
only a load instruction. 

In one embodiment, the call to the translating load instruc 
tion is of the form: 
TL [Source Reg] [Destination Reg] Where, 

Source register holds the data portion of a virtual-to 
real address TTE; and 

a data portion for a neW virtual-to-physical address 
TTE is returned in the destination register if execu 
tion if successful and otherWise a prede?ned value is 
loaded in the destination register. 

Thus, in this embodiment, the destination register is tested 
upon completion of operation 607 and if the destination 
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register does not contain the prede?ned value, opera 
tion 608 is performed. If the destination register does 
contain the prede?ned value, the virtual-to-physical 
address translation can be performed using the prior art 
methods for example. 

FIG. 10 illustrates a more detailed embodiment of a 
virtual-to-real address TTE 1000 with a tag portion 710A 
and a data portion 720A. In this embodiment, data portion 
720A is used as the source in the translating load instruction 
TL. Table 1 is one embodiment of de?nitions of the ?elds in 10 
TTE 1100 and the data contained in the ?elds. In column Bit, 
a T is used to denote the tag portion and a D is used to denote 
the data portion. In the Field Names, bold is used to denote 
the characters used as the reference numeral for that ?eld in 
FIG. 10. 

TABLE 1 

Bit Field Description 

T-63 :48 

T-47 :42 
T-41 :00 

Context 

Virtual 
Addres s 

Valid 

Non-Faulting 
Only 

SW 

Real Address 

Invert 
Endianness 
Side Eifect 

IfR is 1, this entry maps a 
real address to a physical 
address and the context 
information is ignored. If R 
is 0, this entry maps a 
virtual address to a real 
address. 
Reserved 
Virtual Address Tag. The 
virtual page number. Bits 21 
through 13 are not maintained 
in the tag because these bits 
index the minimally sized, 
direct mapped TSB of 512 
entries. 
If this valid bit is set 
to 1, this TTE is a valid 
entry 
If this non-faulting only bit 
is set to 1, this TLB entry 
is intended to match only 
non-faulting address space 
identi?ers 
Software usable bits 

This ?eld provides support 
for 47 bits of real address. 
For page sizes larger than 8 KB, 
the lower order address 
bits below the page size are 
ignored. 

If this side effect bit is 
set, speculative loads trap 
for addresses Within the 
page. Non-cacheable memory 
addresses, other than block 
loads and stores are strongly 
ordered against other side 
effect bit accesses and non 

cacheable stores are not 

merged. This bit should be 
set for pages that map I/O 
devices having side eifects. 
The side effect bit does not 
prevent normal instruction 
prefetching. This bit has no 
effect for instruction 
fetches. 
The side effect bit does not 
force non-cacheable access. 
It is expected, but not 
required that the CP and CV 
bits are cleared to zero 

along with the side effect 
bit. If both the CP and CV 
bits are set to one along 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

8 

TABLE 1-continued 

Bit Field Description 

with the side effect bit, the 
result is unde?ned. 
The side effect bit and the 
NFO bit are mutually 
exclusive: both bits should 
never be set in any TTE. 
These two bits are passed to 
the cache memory sub-system 
on any access and determine 

the cacheability of that 
access as follows: 

If CP is set to 1, the mapped 
data or instructions may be 
cached in any physically 
indexed cache; 
If CP and CV are both set 
to 1, the mapped data or 
instructions may be cached in 
any physically or virtually 
index cache; and 
If CP is cleared to O, the 
contents of the mapped page 
are non-cacheable. 

If this privileged bit is set 
to one, this mapping only 
matches in the TLB if the 
processor is in the 
privileged mode. 
If this execute bit is set to 
one, instructions may be 
fetched and executed from 
this page. 
If this writable bit is set 
to one, data mapped by this 
page may be written to. 
If this readable bit is set 
to one, data mapped by this 
page may be read from. 
Software usable bit 
Reserved 
000 = 8 KB, 001 = 64 KB, 010 = 512 KB, 

011= 4 MB, 100 = 32 MB, 101 = 256 MB, 
110 = 2 GB, 111 = 16 GB 

D- 10 :9 Cacheable 
Physical and 
Cacheable 
Virtual 

Privileged 

D-7 EXecute 

Writab le 

D-5 Readable 

D-4 SW 
D-3: i 

D—2:0 Page Size 

FIG. 11 illustrates one embodiment of a TTE 1200 for 
TLB 575A with a tag portion 910A and a data portion 920A. 
Table 2 is one embodiment of de?nitions of the ?elds in TTE 
1100 and the data contained in the ?elds. In column Bit, a 
UT is used to denote an upper part of the tag portion; a LT 
is used denote a lower part of the tag portions; and a D is 
used to denote the data portion. In the Field Names, bold is 
used to denote the characters used as the reference numeral 
for that ?eld in FIG. 11. 

TABLE 2 

Bit Field Description 

UT-63 Real IfR is 1, this entry maps a 
real address to a physical 
address and the context 
information is ignored. If R 
is 0, this entry maps a 
virtual address to a real 
address. 

UT- i i 

62:40 
UT- Partition 8-bit Partition ID used for 
39:32 all translation matches 
UT- i i 

31 :25 
UT-24 Select 1-bit Select ?eld to 

determine which virtual 
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TABLE 2-continued 

Bit Field Description Bit Field Description 

processor context value to 5 prefetching. This bit has no 
compare TLB Entry context effect for instruction 
against for a fetches. 
primary/secondary context The side elTect bit does not 
translation. For nucleus force non-cacheable access. 

context translations, the It is expected, but not 
Context Field should be zero 10 required that the CP and CV 
and the value of Select bits are cleared to zero 
should be set to 00. For a along With the side elTect 
real address to physical bit. If both the CP and CV 
address translation, Context bits are set to one along 
Field should be zero and the With the side effect bit, the 
value of Select should be set 15 result is unde?ned. 
to 0. The side elTect bit and the 
0 = Compare context against NFO bit are mutually 
primary/secondary context. exclusive: both bits should 
1 = Compare context against never be set in any TLB 
primary/secondary shared entry. 
context. 20 D—10 Cacheable The state of this bit 

UT- i i Physical determines the cacheability 

23:16 of the access as folloWs: 

UT—15:0 Context A 16-bit context identi?er IF the cacheable physical bit 
associated With this TLB is set to 1, the mapped data 
entry. For a real address to or instructions may be cached 
physical address translation in any of the processor 
this ?eld should be set to 25 caches, because in this 
zero, otherWise the behavior embodiment all caches in the 
of the match is unde?ned. processor are physically 

LT- Address If R = 1, Real Address Tag. If indexed physically tagged. 
63:13 R = 0, Virtual Address Tag. D—9 Cacheable This bit is hardWired to 

For page sizes larger than 8 KB, Virtual zero, because in this 
the appropriate loWer 30 embodiment all caches in the 
order bits are ignored for processor are physical. The 
tag compares and reads to bit is read as a zero and is 
these loWer order bits are Write ignore. 
unde?ned. D—8 Privileged If this privileged bit is set 

LT- i i to one, this mapping only 

12:00 35 matches in the TLB if the 
D—63 Valid If this valid bit is set processor is in the 

to 1, this TLB entry is a privileged mode. 
valid entry. D—7 EXecute If this execute bit is set to 

D—62 Non-Faulting If this non-faulting only bit one, instructions may be 
Only is set to 1, this TLB entry fetched and executed from 

is intended to match only 40 this page. 
loads using the non-faulting D—6 Writable If this execute bit is set to 
ASIs. one, data mapped by this page 

D—62 PIO address If this PIO address space bit may be Written to. 
space is set to 1, this TLB entry D—5 Readable If this execute bit is set to 

corresponds to the PIO one, data mapped by this page 
address space. If this PIO may be read from. 
address space bit is set to 45 D—4:3 i i 

0, this TLB entry corresponds D—2:0 Page Size 000 = 8 KB, 001 = 64 KB, 010 = 512 KB, 
to the memory address space. 011 = 4 MB, 100 = 32 MB, 101 = 256 MB, 

D—60:47 i i 110 = 2 GB, 111 = 16 GB 

D—46:13 Physical This physical address ?eld 
Address provides support for 47 bits 

of physical address. For 50 In this embodiment, shared TLB 575A has 8K entries 
Page S1265 larger than 8 KIB> (213) and supports page sizes from 8 KB through 16 GB. 
gle?lolgwtire if; git: bits TLB 575A is used for both virtual address to physical 
ignored address translation and real address to physical address 

D-12 Invert translation. In one embodiment, TLB 575A is banked into 
Eh‘hahhess I I I I 55 four physical banks. The TLB is 16-Way set associative. 

D'n Side E?pect iitthg?sé?fazgzcltoggslzap Thus, each bank has 2048 entries organized as 128 sets. 
for’addresm Within the For accessing TLB entries a set of three bulTer registers 
page. Non-cacheable memory are used. These three registers hold the TLB entries upper 
addmssas, other than block tag portion, loWer tag portion and data portion, respectively. 
illitiiisinozsgrsizfj?z?egid 60 There is a TLB access operation that reads a TLB entry into 
accesses and mmcmheable the three buffer registers and a TLB access operation that 
stores are not merged. This Writes the tWo tag registers plus the data of the store into a 
bit should be set for pages TLB entry 
that map I/O devices having A 11 - _ b1 f TLB - 11 d 
Sid‘? ?ff?ctsI sma , per m1cro core ta e O entnes, ca e a 

The Side effect bit (106s not 65 translating load table 1275 (FIG. 12), is used to accelerate 
prevent normal instruction the tWo step translation required for virtual-to-real-to-physi 

cal translation, as illustrated in FIG. 6 in one embodiment. 
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Either the full TLB or a smaller dedicated table can be used 
in method 600. Here, a smaller table is used to achieve better 
performance. In one embodiment, translating load table 
1275 is a small fully associative table of sixteen entries 
containing TLB entries for real-to-physical address transla 
tion. The table is only used for translating load operations. 

The execution of the translating load instruction performs 
a lookup in the special translating load table in operation 
602. The 64-bit address used for this load operation is 
interpreted as being the TTE data portion of a virtual-to-real 
TTE. The TLB is accessed in operation 602 to look for a 
corresponding TLB entry that performs the real-to-physical 
address translation. 

For performing the TLB lookup, the upper tWo bits, bits 
63 and 62, of data portion 702A are masked to Zero to form 
a real address. This real address is sent to the TLB in 
accordance With a Real Address Page SiZe Register. If a TLB 
miss occurs the Real-to-Physical translating load returns the 
value Zero. If a TLB hit is found, e.g., TTE 1100 has the 
correct real address in the tag, the folloWing set of checks are 
performed in operation 605: 

Address.SZ<:TLBentry.SZ 
Address.R<:TLBentry.R 
Address.W<:TLBentry.W 
Address.X<:TLBentry.X 
Address.CP::TLBentry.CP 
Address.E::TLBentry.E 
Address.IE::TLBentry.IE 
Here, “Address” refers to the data portion 720A of TTE 

1000 (FIG. 10), and “TLBentry” refers to data portion 920A 
of TTE 1100 (FIG. 11). The letter after a period is the 
reference numeral in FIG. 10 or FIG. 11. Thus, the siZe, the 
readability, the Writeablity, the execution ability, Endiannes, 
side effect, and cacheability are checked. If the real-to 
physical TTE has properties that are equal to or a superset 
of those in the virtual-to-real address TTE the data portion 
for a neW virtual-to-physical address TTE is returned in 
operation 607, as described above. 

In one embodiment, processor 550A is included in a 
hardWare con?guration 1310 like a personal computer or 
Workstation. In this embodiment, the applications and oper 
ating system(s) are included in memory 1312 or a memory 
coupled to processor 550A via the Internet for example. 
HardWare con?guration 1310 includes, but is not limited to, 
an I/O interface 1314, a display 1316, a keyboard 1314, and 
a mouse 1318. 

HoWever, in another embodiment, system 1310 is part of 
a client-server computer system 1300. In this embodiment, 
server system 1380 includes a processor 500B as Well as a 

display 1381, memory 1384, and a netWork interface 1383. 
For either a client-server computer system 1300 or a 

stand-alone computer system 1310, memory 1312 typically 
includes both volatile memory, such as main memory, and 
non-volatile memory, such as hard disk drives. While 
memory 1312 is illustrated as a uni?ed structure in FIG. 13, 
this should not be interpreted as requiring that all memory in 
memory 1312 is at the same physical location. All or part of 
memory 1312 can be in a different physical location than 
processor 550A. 
More speci?cally, processor 550, in one embodiment, can 

be included in a portable computer, a Workstation, a server 
computer, or any other device. Similarly, in another embodi 
ment, system 1300 can be comprised of multiple different 
computers, Wireless devices, server computers, or any 
desired combination of these devices that are interconnected 
to perform the operations, as described herein. 
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Herein, a computer program product comprises a medium 

con?gured to store or transport computer readable code or in 
Which computer readable code for a method is stored. Some 
examples of computer program products are CD-ROM 
discs, ROM cards, ?oppy discs, magnetic tapes, computer 
hard drives, servers on a netWork and signals transmitted 
over a netWork representing computer readable program 
code. 

Herein, a computer memory refers to a volatile memory, 
a non-volatile memory, or a combination of the tWo. Simi 
larly, a computer input unit 1316 and a display unit 1315 
refer to the features providing the required functionality to 
input the information described herein, and to display the 
information described herein, respectively, in any one of the 
aforementioned or equivalent devices. 

In vieW of this disclosure, the translating load function 
ality can be implemented in a Wide variety of computer 
system con?gurations using an operating system and com 
puter programming language of interest to the user. 

While the translating load hereinbefore has been 
explained in connection With one embodiment thereof, those 
skilled in the art Will readily recogniZe that modi?cations 
can be made to this embodiment Without departing from the 
spirit and scope of the present invention. 

For example, in one embodiment, a structure includes: 
means for determining Whether a translation lookaside 

bulfer miss occurred for a virtual address; 
means for executing a translating load instruction, fol 

loWing the determining ?nding the translation looka 
side buffer miss occurred, to generate a neW data 
portion for a virtual-to-physical address translation 
table entry; 

means for searching a table of translation lookaside bulfer 
entries for a real-to-physical address translation table 
entry including a real address associated With the 
virtual address; 

means for determining, folloWing the means for searching 
?nding the real-to-physical address translation table 
entry, Whether permissions and siZe information in the 
real-to-physical address translation table entry are com 
patible With permissions and siZe information associ 
ated With the real address; and 

means for creating the neW data portion for the virtual 
to-physical address translation table entry following the 
means for determining ?nding that the permissions and 
siZe information in the real-to-physical translation table 
entry are compatible With the permissions and siZe 
information associated With the real address. 

In still yet another embodiment, a structure includes: 
means for determining Whether a translation lookaside 

bulfer miss occurred for a virtual address; 
means for ?nding, folloWing the means for determining 

?nding the translation lookaside bulfer miss occurred, 
a virtual-to-real address translation table entry for the 
virtual address Wherein the virtual-to-real address 
translation table entry comprises a data portion includ 
ing (i) the real address; and (ii) permissions and siZe 
information; 

means for executing a translating load instruction having 
the data portion as an argument to generate a neW data 
portion for a virtual-to-physical address translation 
table entry; and 

means for using the neW data portion in a virtual-to 
physical address translation table entry for the virtual 
address. 

This disclosure provides exemplary embodiments of the 
present invention. The scope of the present invention is not 






